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A. BURPOS

The general objective of this research contract is to conduct an investi-
gation of photopolymerisation techniques and their utilisation as a dry
plature taking and printing medium for military use. Detailed requirements
are oontained in "Technical Ouidelines for FR & C, No, 62-HL8/R-2350 (61-
2355),* dated 11 May 1961,
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B.

ARSIRACT ’

One objective of the research program has been the elimination of hydrogen
peroxide immersion as a processing step for photopolymerisable ferric salt
coatings. In a continuation of work reported previously we find that the
forric salt of 3,3'-dihydroxybensilic acid initiates the polymsrisation of
vinyl monomers in visible light without peroxide, Coated layers of this
ferric salt require shorter exposures when the photocatalyst oconcentration
is relatively low.

The effectivensss of uranyl ion as an initiator of photopolymerisation is
under study. Uranyl aorylate and uranyl methacrylate yleld opaque polymers
in visible light. Solutions and coatings which are stable in the dark have
been prepsred.

Another objeotive of the program has consisted in the production of color
in a photo image by the simplest possible means, A colored (green) print.
out image results from the exposure of a coated layer containing ferric
bensilate and the hydrochloride of the leuco base of thiophens green. 1,3~
dihydroxy-1,3-dimethylglutaric acld has been synthesised; its ferric salt
18 light sensitive. The expected red-colored photodecomposition product
of the ferric salt of this 20id has not yet been observed in coated layers.

In continuation with our efforts to achieve a dry processable photographioc
system based on photopolymerization by the production of a colored photo-
resist, the synthesis of color former monomsrs related to N ,N!'.methylene-
bisacrylamide has been pursued. N,N!'-(2-hydraxybensylidens)-bisacrylamide
was prepared and found to exhibit reactivity comparable to that of N,N'-
methylenebisacrylamide in addition to rendering the rhotoresist color
developable. The synthesis of a benzoylacetanilide analog was complicated
by the instability of p-amino-benzaldehyde needed as an intermediate.

. Non-diffusing, water-soluble color couplers are effectively retained by

the photoresist formed in the iron-peroxide system, Incorporation of a
mixture of yellow, cyan and magenta non-diffusing color couplers in photo-
polymerizable coatings leads to photoresists that become black on color
development. The processing of this system has been simplified dy (1)
inocorporation of color developer in the coating and (2) combination of the
peroxide and persulfate baths., The stability of the developer~containing
coating is limited due to developer oxidation,and two dewelopers reported
to be more resistant to oxidation were prepared and tested without sucoess,

An approsch to a faster photopolymerization system based on rhotosensitised
sutoxidation of 1,3-dioxolanes has been initiated. Thus far coatings oom-
taining monomer rose bengal and the dioxolane substirate yleld photoresists
after moderate exposure and processing in a solution containing ferrous ion,
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A gravimetric method was developed for the determination of the percent
conversion of N,!'!-methylensbisacrylamide to polymer when photoinitiated
by the iron-peroxide eystem in thin gelatin layers, Soth chemical and
spectrophotometric evidence indicates the isolated polymer to be graft
copolymer of polymethylenebdisacrylamide to binder,

The photochemical chain reaction of merouric chloride with potassium

oxalate was found to photoinitiate polymerisation of i-5 solution in
the absence of oxygen, Coating trials were negative,
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2.

The following reports were issued:

a. DMonthly Report No, 1: "Investigation of the Photopolymeriszation
Process,” 14 February 1963 - 13 larch 1963; Authors, E. Cerwonka
and F, '/, iAdllard,

b, lionthly Report No, 2: *Investigation of the Photopolymerigzation
Process," 14 iarch 1963 - 13 April 1963; Authors, I. Cerwonka
and F, ', I'1llard,

A conference was held with Dr, Norman G. Caylord, consultant on

this contract, on 1 kiarch 1963, Research prozress was reviewed,

A oonference was also "eld at the U, S, Army Zlectronics lesearch
and Development Laboratory on 17 April 1963 to review research
progress. This meeting was attended by liss li, Levy; Dr, E. Cerwonka
rerresented the Photo and lepro Division of G-F,



Starting with 3 hydroxybenszaldehyde, we synthesized 3,3! dihydroxy-
bengilic acid, Details ‘of the preparation were given in Section
D 1 a (2) of Final Report, November 15, 1962 - February 14, 1963,
Coating tests were made during the past quartsr to compare the
behavicr of the ferric salt of this aclid with that of bensilie
acid itself and of 4,4' dihydroxybensilic acid,

Isble 1

T A ™ N—

Natrosol ®“250L" 0,625 g. 0.625 g. -
Polyvinyl pyrrolidone,
Ke

” - - 3.75 ‘.
MBA (N,N! methylene
mnmlmd.) 0.250 g 0.500 e 00500 [ 9
3,3' Dihydroxybenzilic
acid (FW = 260) 0.780 g. 0.033 g. 0.033 g.
Ferric amoniuvm au%fato
dodecahydrate (F7 =
m) 0.723 g. 0.060 Be 0.060 8
Water, to 12.5 nl. 12,5 =i, 12,5 =,
Required exposure
with water wash 60 sec., - 5 sec, - 5 sec, -
no resist onlorless colorless
Tesist resist
With hydrogen peroxide 5 sec, - 5 se0, = 5 sec. -
wash black resist gray resist gray resist

s 3,3 Dihydroxybenzilic acid in the quantity indicated
was dissolved in deioniced water (20 ml.), Binder was then stirred
in, and monomer in 20 ml, water was added, the mixture being wgrmed
at 40° O, until solution was complete, Ferric ammonium sulfate
dissolved in 5 ml. water was added in red light, 'The solution was
brought to a volume of 50 ml., coated on brryts paper, and allowed
to dry. A test strip was exposed (for the period indiocated in the



-6-

table) to the light from a 375 watt reflector lamp at 16 inches
distance., Results obtained with (a) water wash at 40°.50° C,
ll‘ﬂé:])' hydrogen peroxide immersion (15 seconds) are swwsrized
in o I,

m.mn}ux_nmmz Recipes #0648 and #0549 each oone-
tained 1/8 millimole ferric ammonium sulfate and 1/8 millimole
of the bentzilic acid derivative in 12,5 ml, ocating solution,

Te.t stripe of each gave a colorless resist with water wvash, whereas
a gray oolor appesared during immersion in hydrogen peroxide, Hydroxyl
radicals derived from the reaction of ferrous ion with hydrogen
peroxide enter the aromatic ring forming a catechol derivative,

which forms & colored complex with ferric ions. A test strip of
$0647 contained 1,5 millimoles ferric salt and 1,5 millimoles

organic acid in 12.5 ml. coating solution., This sample gave no
resist with water after relatively brief exposures. It is believed
that the higher concentration of ferric ion present in JO647

effects the oxidation of pl.otoproduced diphenylmethoxyl radicals

by reaction (2) below, This reaction compstes with the initiation

of MBA polymerization by the diphenylmethoxyl radical. Similar
results were reported with farric bensilate and other derivatives
(Tsbles I and II, Section D, Final Report, November 15, 1962 -
February 14, 1963).

OH
}
W Fet3 + A G
/L\j oo | | Rk, g2 CO, + HY +
oo ~ -~ OH 8
R e
Tk )
3 ~7H N7 ol
'
(2) Fe*d + <G > .
{ 3; L —= Fe*2 + H' +
\/ \OH rd ‘m g
!

Results described in this and previous reports involving the ferrie
salt of various hydroxybensilic acids suggest that the ferric salt
of 3,5, 3',5' tetrahydroxrbensilic acid would (a) initiate polymeri-
sation of a vinyl monomer in licht, (b) show greater image density



vhen immersed in hydropen peroxide than bensilic acids having only
one hydroxy group per aromatic ring, (o) mizht show a greater den-
sity in the dry coated layer vhen exposure is foliowed by heating
or storage in the dark (Patent Disclosure AD 1804, also earlier
reports). Lcoardingly, the synthesis of this acid (not reported
in the literature) has been undertaken,

.5.3%.5° Tetramethoxvbenzoin

This procedurs was based on a mthﬂ of preparing 3,3' dimethoxy-
benzoin from 3 methoxybenzaldehyde'l),

Powdered potassium cyanide (1 g.) was added to a bolling solution
of 3,5 dimethoxybenzaldshyds (10 g.) in 507 aqueous ethanol (30 g.).
After boiling under reflux two hours, the mixture was cooled and
placed under refrigeration overnight. About 7.6 g. of an orange-
yellow oil was obtained. This material was not further puru't

but was oxidized to a benzil derivative by a published method‘</,

kO ﬁ
< CHO N ’

2 e i
a’ oy T Nmy g N

mn.p. 85%. 88° C,

The oil obtained from the bensoin condensation was aaw to be
3,5,3',5' tetramethoxybenzoin formed in about 20% yleid‘\l/, It
was dissolved in pyridine (5 ml.); ocoppsr sulfate (3.35 g.) in
vater (1.75 ml.) was added and the mixture heated under reflux
two hours. At the end of this period the mixture was cooled and
poured into three volumes of water, liberat a dark yellow solid,
The orude material was recrystallized from ethanol (30 ml,).
The yield of purified 3,5,3',5! tetramethoxybensil was 2.3 grams
(11.68) melting at 165°-166° C. The compound not having been
previously prepared, a sample was submitted for analysis,

T n
<t — h"’;\

WA N
CHsd OcHy  CHg0  OOH, CHy0  CCHy  CHy0 OCHg

k153-239

Analytical Date: C: Cale, 65.43, Pound 65,33
Hs GCale, ’o’o. Found 5055
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05,305 Tetrahvdroxviensid

Tetramethoxybensil was converted t? ;bo tetrahydroxy compound in a
manner described in the literature'?), The methoxy compound (2.3 g.)
was dissolved in glacial soetic acid (20 ml,); 48% hydrobromic acid
(40 ml,) was added, and the mixture heated under refiux for six
hours., At the end of this pariod the reaction mixture was ococled
and poured into water. The orude material (1.1 g.) was nearly

black in color and had a melting point above C. Although no
single recrystallising solvent was found, it dissclved in ethanol,
from which it wvas re-precipitated with water,

07 N
!
c— G- S
Q ) Her/Glecsal hcetio '/‘ t’w
! t\/ N ] g\/.
G0, OCH, GCHO HO BO OH

Attampted Svnthesia of 3,5,3'.5' Tetrahvdrgrvbensilio Asid

Following a published method(3) which had previously been found

satisfactory, we attempted the conversion of tetrahydroxybensil
to tetrahydroxybensilic acid,

3,5:3',5' Tetrehydroxybensil (1.0 g.) was added to a melt at 125° C,
consisting of sodiuvm hydroxide (1.0 g.), potassium (1.0 g.)
and water (0,8 ml,), The mixture was stirred at 150° C. for 15
minutes (Wood's metal bath), It was then cooled, diluted with water
and soidified with hydrochloric acid (10 ml, of €N). Ether extrac-
tion (three times, 100 ml, each time) gave a trace of olly residue,
Qualitative tests (ferric ammonium sulfate should give a ysllow
green; farrous sulfate-hydrogen peroxide should give a black) showed
that the desired product was absent in the residue and in the aqueous
phase. About 0,6 g. starting material (tetrahydroxybensil) was
recovered unchanged, More drastic reaction oconditions are evidently

required to effect the benzilic acid transformation of this partiou-
lar bensil.

c. Qthar Provertiss of Farrie Benallate Fhotocatalvst
(1) Ihermal Fixaticn of Fecric Bensilate Coatinga

If ferric bensilate in a coated layer can be thermally decar-
boxylated following exposure, the photosensitivity of the ferrio
salt will have been destroyed. In this way a coating having s
ferric salt as photocatalyst can be thermally "fixed." Therwmal
nn;g tests were carred out with strips of 50650, formmlated
as ows:
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(2)
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Polyvinyl pyrrolidons 15 g
viBA 2 g
Bensilic acid (reorystallized from

vater) (MW = 228) 0.11% g.
Ferric ammonium sulfate dodecahydrate 0,241 g.
‘later, to 50 ml,

Sxperimantal: This formulation was coated in the same manner
as those described in Tadle I, A control test strip was
exposed 30 seoonds to the usual light source (375 watt reflec-
tor lamp at 16 inches) followed by washout and showed s color-
less resist, Another test strip was also exposed 30 seconds,
heated €0 seconds in an oven at 180° C,, then washed with hot
water (509-60° C.). The resist image was now largely obscured
by background polymer, ‘hen an exposed (30 seconds) stirip was
heated 30 seconds in a 180° oven, then washed cut, the background
had less thickness than resulted from the 60 second
heating, The same exposure (30 seconds) and heating (30 seconds)
were repeated, but a second exposure of 30 seoconds was made at
right angles to the original exposure gfiar the intervening
heating period. '‘ashout showed only one resist image. In an
effort to reduce the heating period, another sample was exposed
30 seconds, heated 10 seconds at 180° C., then re-exposed at
right angles to the first exposure, Washout showed a pronounced
resist image from the original exposure, with a second, less-
pronounced image appearing at right angles to the first,

¢ In these tests a 60 second heating period was exces-
sive and effected polymeritation or hardening of the background.
The hardensd layer ocould not readily be washed cut, Insufficient
heating was illustrated by the 10 second period, which permitted
the photocatalyst to retain its sensitivity to 1light and gave a
double image after washout. The degree of thermal fixation,
therefore, deponds on an optimum heating period at a partioular
Wﬂm.

Sansitizing of Ferric Benailate to Hed Light

To deterwine whether the addition of methylens blue to a photo-
polymerizable ferric bensilate composition makes the ocoated

layer red light sensitive, we prepared and coated the following
formulations:

Natrosol, "250L" 1.2 ¢g. 1.25 g. 1.25 g.
MBA 1,0 [ 3 1.0 g 1.0 [
Bensilic acid (recrystal-

lized from Wlt&') =228 0,057 K. 0.057 g. 0,057 ¢.
Methylene Blue, age (374 ng.

per 100 nl, M= 74 5 ml, - 5 nl,
Ferric ammonium sulfate
dodecahydrate (m-uaz) 0,120 g, 0.120 g, -

Water ’ to 25 nl, 25 nl, 2’ nl,
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Test strips wereexposed through a negative to a 375 watt lamp

at 16 inches for a period of three minutes, A Hersol red filter
was placed in series with the negative. “ashout showed resist
images present on ssmples of #0652 and $069k, #0693 showed no
trace of image. The compositions containing methylens blue are
indeed sensitive to red light, but it is not clear from ouwr test
data whether the initiating speciss is a diphenylmethoxyl radical
derived from ferric bensilate ($0692) or a radical arising from
photo-excited methylene blus--with benzilic acid acting as
electron donor ($0694),

(3) Beg

Print-out systems bused on the reduction of silver ion to
metallio silver by photoformed ferrous ion have besen knowm for
many years. The sction of light photoreduces ferric benzilate
with the simultaneous formation of an initiating radical and a
ferrous ion., & coated layer containing monomer and silver
nitrate would be expected to show polymer and metallic silver
in exposed areas, :

Iable III

~0245 . O2W7. 07290

FVP 75 [£3 75 [ O3 705 [ 8
MBA - 1,0 g, 1.0 g.
Silver nitrate (F=170) 0,170 g, 0.340 g. 0,170 g.
Bensilic acid (F= 228),

EX "ihite Label 0,057 g. 0.057 g. -
Oxalic acid, anhydrous

(P =90) - - 0,045 g.
Ferric ammonium sulfate

dodecahydrate (Fi/=l82) 0.120 g. 0,120 g. 0.120 g.
Watar. to 25 ml, 25 ml, 25 nl,

The formulations were prepared and coated on baryta paper in red
light. Samples were exposed five seconds to the usual light
source, No image was visible immediately after exposure; how=
over, wetting produced a brown image in samples JO745 and

#0747, (The presence of water accelerates the reduction of
silver ion by ferrous.) Further washing with hot water left

a relief image on £0747, brown in color. #0745 showed brown
color in the sed areas of the paper, but no resist (print-
out silver only). #0750 showed nothing at five seconds, but a
relief image of a gray color was cbtasined after exposure for

30 seconds followed by washout (reduction of silver by ferrous
oxalate--initiation of polymerisation by oxalate with relatively
long exposure). Yhen the exposed sample of 0747 was washed in
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1% hydrogen peraxide, a colorless resist was obtained., This may
be attributed to reoxidation of metallic silver by peroxide or
to recxidation of ferrous to ferric by peroxide so that the - -
silver nitrate was not reduced,

Studies of the rate of oxidation of mandelic acid by methylens blue
in the presence of uranyl nitrate, U0x(NO4)a, g’ photosensi tiser
have been made by Ghosh, Bnrwttmdho{( . These suthops
postulate the photoreduction of uranyl (U0,*<) to uranous (U0"<)
ion, accompanied by the oxidation of mandelic acid to bensal .
Methylene blue serves to reoxidise the reduced ion U0*2 to 00,%,
commogtw:\.ththondmuonof the dye to its leuoco form. iho
ion U0,%< now becomes available for photareduotion again, The
uqnm%o of reactions is depicted by the following equations:

(1) 0,*2 + CgHoCHOH COH LAght) UO*2 + CgHSCHO + 00, + B0
(2) U0*2 + methylene blue — ) UO;Z + leuco methylene blue
(3) Leuco methylene blue + Oy——> methylene blue + 2 *CH

Reaction (3) is suggested by Oster as runctionin&?xrmc the ini-
tliation of polymerization by photoreducible dyes‘’’/, Reactions
(2) and (3) indicate the repeneration of uranyl (U0,*2)ion and
methylene blus during the oycle,

The fact that there are three wavelengths to which uranyl ion is
sensitive (reaction (1) ), coupled with the possibdlity that
reaction (1) may proceed at & high velocity impelled us to begin
an investigation of this cyolic reaction, attempting to apply it
to the polymerisation of vinyl monomers.

A number of experiments were carried out in aquecus solutions,
The results are summarised in Table IV,

Iable IV
Induction Perdod
Mmtes 1 Secands
Uranyl mitrate (M=s502), 0,502 g. )
Uranyl nitrate, 0,502 g.
Mandelio acid, 0.152 g. (MMm152) 0153

Uranyl nitrate, 0,502 g. 73
xouqng- blue (FWm374) 3,74x10™ g,
(~10~5 millimole) 0143
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Table IV (continued)

induction  Pardcd
Kuutes : Seconds
Uranyl nitrate, 0,502 g.

Mandelic acid, 0.152 g.

Methylens blue, 3.74x10~0 g, 0159
Uranyl nitrate, 0.200 g. (0.2 millimole) 0148
Uranyl Mtrate, 0,201 g,

Mandelic Acid, 0.031 g. (0.2mm) 1:03
Uranyl nitrate, 0,201 g.

Methylene blue, 3.74x10~6 g. 0e5k
Uranyl nitrate, 0,201 g.

iandelioc acid, 0,031 g.

liethylene blue, 3.74x10-6 g. 1107

t To 5.0 ml, A-5, magnetically stirred in red light
in a 20 ml, beaker, there was added tliie quantities of material listed
above, dissolved in a total of 1,0 ml, of water. (Total volume =
6.0 ml. in each experiment.,) Each solution was irradiated with a
1000 watt tungsten lamp at 23 om, Vhen the gel point was reached
as shown by an abrupt cessation of stirring, the time to gelation
was recorded as "Induction Period."

Discusaion of Table IV Data: The induction period was shorter with
higher uranyl nitrate concentration. Addition of mandelic acid,
methylene blue, or a combination of both lengthened the induction
period over the ranze of concentration at uranyl ion studied.
‘Thether the addition of methylene blue has sensitised the solution
to red light has not been determined.

An unknown factor in these reactions is the nature of the radiocal
which Anitiates polymerization when only uranyl mitrate is present,
The induction period is shortest in this instance (0t40). From
our data At appears that the oxidation of mandelic acid by urenyl
nitrate competes with chain initiation and propagation effected by
the uranyl salt. To gain more insight into the mechanism of photo-
polymerisation sensitirzed by uranyl salts, we have studied the
photopolymerisation of uranyl sorylate. lhen a solution of uranyl
acrylate is exposed to visible light, a white opaque polymer foawms.
Evidently the acrylate anion is oxidised to a free radical species
whioh 4initiates the polymerisation of other acrylyl radicals or
acrylate anions.

Uranyl acrylate as employed in our tests was derived in either of
two vays: (a) uranium trioxide was dissolved in aorylic acid, or
(b) uranyl nitrate was neutralised with sodium acrylate, Table V
lists examples of the tests,
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Volume of

(a) Uranium trioxide (F1=286) 0.572 g.
horylic acid (vacuum distilled,
contains no inhibitor)(Mis72) 04 g,
“"m 10 mlo 1.0

Conoentration: 2mmoles Ugi"‘z
por 10 ml, water over o8
sorylic acid per 10 ml, water

(b) Uranium trioxide 0.572 g.
Acrylic acid, (commercial
grade, conteins p-methoxy-

phenol as inhibitor) Ok g
Water 10 ll!l. 1.0

(o) Solution (a) 0.5
Water 0.5

(d) Solution (b) 0.5
Water 0.5

(e) Solution (a) 0.2
ater 0.8
(Polymer formed first at rear of test tubs)

(f) Uraniuvm trioxide 0.143 g.
(mz-cacmm)zcacom (Fw=198) 0,198 g.
Water 5 al, 1.0

(g) Solution (b) 0.5
Solution (f) 0.5

(h) Uranyl nitrate (Fi/=502) 1,004 g,

Solution of sodium acrylate 10 nl, 1,0
(Solution contains 0,720 gram sorylic

acid, commsrcial grade, neutralised

with 0,620 gram sodium carbonate

monohydrate in a total of 25 ml,

aqueous solution)

Concentration: 2 mmoles U0,"2 10 ml,
4 muwoles aorylate) solution

Solutdon. -Samnle

LI

“Gde

L

Induction
Minutes:

0115

0:16
0127
0126

0157

1108

012

0317
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Table V (eontinued)
Volune of
Selution. Sanle
(1) Uranyl nitrate © 0,200 g.
Solytion of sodiug acrylate
[same as in ( 2 ml,
Vater 8§ wml. 1,0 ml,

(J) Solution (b) 1.0 ml,
Methylene blue (FW=374) 3.74 mg.

~—  per 100 ml, aq. solution 0.1 ml,
Concentration:
Msthylene blue: 10~5 mmole/O,iml,

(x) Solution (a) 1.0 m
Hethylene blus, 30 mg. per 100 ml, aq. 0l ml,
Concentration methylene blue: 8x10~5 mmole/

001 ‘1.

(1) Solution (k) 1.1 ml,

Versens solution, 8x10~5 mmole/0.1 ml, 0,1 ml,

(contains 30 mg. disodium versens (Fi=372)
dissolved in 100 ml, aqueous solution)

(m) Solution (b) 0.5
Aorylic acid solution (7.2 g. commercial 0,5
acrylic acid in 50 ml. aq. solution)

Ratio excess acrylic acid:uranyl ion = 10:1

(n) Solution (h) 045
Sodium aorylate solution (7.2 g. sorylic 0,5
acid, ocommercial grade, neutralised with
sodium carbonate monohydrate, 6.2 g., in
a total volume of 50 ml, aq. sclution)

Ratio of excess acrylate ioniuranyl ion = 1031

(o) Uranyl methacrylate solution 1.0
(Sodium methaorylate (Fiv=s108) 0,432 g.
~ Uranyl nitrate (FW=502) 1,004 g,

(p) Urwl mﬂmor ate solution (solution 1.0
.223 0,572 €, &nd ”ﬂl,
uryno zm-86 0,344 g,

*U0y only partially dissolved after three weeks

ml,
nl.

Induotion
Mimates:

1144

0:18

0:18

0:20

0:28

0327

0316

2100
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1 Volume indicated for each sample was pipetted (in
red light) into a test tube (ineide diameter = i om,, depth = 7.5
om,) whioh was placed at a distance of 23 om., from the outer surface
of a 1000 vatt tungsten lamp. A glass, water-filled cell, one om,
inside thickness, was interposed between the lamp and the test tube
to absord heat. ‘'hen the lamp was turned on, the induction periocd
was measured by mesns of a stop watoh., The time taken was that
elapsing until polymer began to form, The first appearance of white
opaque polymer showed at the edge of the solution nearer the lamp,
In experiment (e) as noted above the polymer layer formed first
at the edge of the solution farther from the lamp., The opague
white character of this polymer resembled that arising from MBA
monomer, rather than the transparent product from A-S,

Riscugsion of Data {rom Table V: There was no significant differ-
ence between the induotion periods of samples photocatalyzed by
uranyl acrylate from -acrylic acid as compared with thoses photo-
catalysed by uranyl acrylate from wranyl nitrate and sodium acryl-
ate, lioreover, no difference was observed in the bshavior of acrylate
derived from distilled acrylic acid (inhibitor-free) and commercial
acrylic acid (containing p-methoxyphenol as inhibitor). The shortest
induction periods were cbserved when uranyl concentration was
highest, A carboxylic acid derived from acrylamide (f) was less
soluble than acrylic acid and dissolved less uranium triocxide,

The presence of methylens blue (k), (1) had nc appreciable

effect on the induction period. Excess sorylic acid or acrylate

ion (n), (n) did not materially affect the induction O0dem
oompare (d). Sampies of solutions (a), (b), (£) and (h) have not
polymerized in the absence of light during a two-month test period.
Methacrylic acid dissolved uranium trioxide at a slower rate than
acrylic acid,

Coated lavers of Uranv) Salis

To take advantage of some of the relatively short induction periods
listed in Table V we require a carrier or bdinder that is compatible
with uranyl salts. A hardening reaction takes place between
uranium nitrate and PVP (}0688), The test recipe consisted of PVP,
3.75 f 47 and \Il'llvl nitrate, 0,502 Bey Wt to 12.5 ml, with
water, A remix of this formulation which included }MBA, 0.5 g.,
becams hardened in the same manner when the uranium salt was added.
Neither formulation could be coated. Combination of uranyl nitrate
with each of several organic acids also hardened or thickened FVP,
In recipe 30713, formic acid (MW¥=i6), 0,051 ¢. was added to 0,502 g.
urenyl nitrate, 0.5 g. MBA and 3.75 ¢. PVP in 12,5 ml, solutiom,
Lactic soid (F™=80), 85% aq., 0.1 ml, vas added to the same quenti-
ties of uranyl nitrate, NBA and PVP, to give #0719, lMandelioc acid
(Mi=152), 0,304 g. in recipe 0705, also a double quantity, 0,608 g.,
in recipe #0706, were added separately to uranyl nitrate 0,502 g,,
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MBA, 0,500 g., and PVP, 3,75 g., the solution being brought to 12.5
ml, with vater. In recipe #0738, acrylioc acid (FWs72), 0,14k g, was
added to uranyl nitrate, MBA and FVP. All these solutions became

hardened almost at once when the ingredients were mixed, There was
no hardening observed when pure uranyl formate, 0,360 g., was added

. to HBA. 0.500 g.., and PW. 3.75 [ O in 12.% ml, solution, Likewise
uranyl soetate, 0,424 g., added to FVP, 3,75 g., in 12,5 ml. solu-

tion produced no hardening. In a number of other tests uranyl
nitrate vas mixed with the stoichiometric equivalent of the sodium
salts of organic acids as listed in Table VI,

Iable VI
Recipe Salt. Formula Weight Formula Used
$0715 Sodium formate 68 0.136 ¢.
#0696 Sodium acetate trihydrate 136 0.272 ¢,
#0720 Sodium lactate (Solution prepared from

sodium carbonate monohydrate,
0,124 g., and lactic acid,
85% aq., 0.19 m1,)

#0716 Sodium mandelate (Solution prepared from
sodium carbonats monohydrate,
0.124 g., and mandelic acid
(Fii=152), 0.304 g.)

These combinations of uranyl mitrate, 0,502 g.,and the respective
sodium salt did not harden the PVP colloid (3.75 g.) in the
presence of MBA, 0,500 g,, made up to 12,5 ml, solution with water,

The effect of pH alone on FPVP was checked. A 10f aqueous solution
of uranyl nitrate showed a pH of 2.1, To a PVP solution (3.75 g.
in 12.5 ml, solution) without added uranium salt there was added 6N
nitric scid (0.33 ml,), which lowered the pH to 1.5. There was no
hardening action. It is the cross-linked uranyl-polyvinylpyrroli-
done complex which appears to be pi sensitive,

A munber of uranyl salt-lBA coatings were prepared using FPVP as
binder. In all cases, long exposures (three minutes or more) were
required to produce a resist after water wash. Two of the tested
formilations are listed,

Iahle VII
-—m— %
Polyvinylpyrrolidone, K-30, Antara 3.75 &¢. 375 &
MBA : 05 & 05 &
Uranyl acetate (FWeii2y) O.l24 go -
Uranyl nitrate (F#502) - 0.502 g.

Sodium acrylate, aq.* - 5,0 ml,
Wlt.r. to 12.5 nl, 1205 ml.
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* Solution consists of acrylioc scid, commercisl grade, 0,720 g.
and sodium carbonate monochydrate, 0,620 g., dissolved in 25 ul,
aqueous solution,

The formulations were coated on baryta paper and allowed to dry in
red light, Samples were exposed through a negative for five minutes
to the light from a 375 watt tungsten lamp at 16 inches., Washout
showed a faint image in esach case.

Hydroxyethyl cellulose (Natrosol) was not hardened by uranyl
nitrate, It served as a carrier by means of which the accelerating
action of a few organic compounds was tested. The more effective
recipes are listed in Table VIII,

Iahle VIII

20687 22y o728
Natrosol, 250L 00625 [0 00625 g 00625 43
MBA 00500 [ O 0.500 g °.5°° e
Uranyl nitrate (Fi=502) 0.502 g. 0.502 g. 0.502 g.
Formio Md' - 0.05 ml, -
Dextrose, anhydrous - - 0.540 g.
Uranyl acrylate* - - -
Sodium acrylate, aq. - - -
Wlw. to 1205 ml, 12.5 ml, 12.5 ml,.
Exposure required: 30 seconds 30 seconds 15 seconds

/b IR L WU ./ W

Natrosol, 250L 0,625 g. 0.625 g. 0,625 g.

MBA - 0,500 g 0,500 [
Uranyl nitrate (Fie502) 0.502 g. - 0,502 g.
Formic acid, 90F - - -
Dextrose, anhydrous - - -

Uranyl acrylate* - 0.412 g, -

Sodium acrylate, aq. 5.0 ml,*** - 2,5 ml.,**
Water, to 12.5 nl, 12,5 m, 12,5 ml,
Exposure required: 3 nimtes 15 spoonds 30 seconds

*From U0y, 1.144 g.and aorylic acid, 0.8 ml,, in S ml, vater. The
ved uranyl acrylate wes filtered 4in red light and dried,
**Contains acrylic acid (oommercial grade), 1.44 g., and sodium
carbonate monchydrate, 1,24 g., 4n 25 ml. aquecus solutiom,
sssporylic acdd (commercial u'ad.s. 0.720 g., and sodium carbonate
monohydrate, 0,620 g., in 25 ml, aqueous solution,



Cario acrylate sclution behaves in some respects like uranyl acrylate

vhen exposed to light. A solution was prepared in red light as
follows: .

Ceric ammonium rdtrate (FuW=5u8) ‘ 1,096 g.

Acrylic acid (F'm72) (EK White Label) 0.576 g.
Yater, to 10 ul,

Exposure of 1.0 ml, of solution to a 1000 watt tungsten lamp at
23 ocm. produced an opaque polymer in one minute fiwe seconds.

A control solution consisted of

Ceric ammonium nitrate 1,096 g.
MBA, 4 g. per 100 ml. ag. 10 nl.

Bxposure of 1.0 ml. of the control solution for a period of ten
minutes (same light source) showed no reaction,

The stored oeric acrylate solution desoribed above showed the
deposit of a white precipitate after several hours, The mature

of this material is not known. Dilute nitric acid dissclved some
of the material with the formation of a yellow solution, This
suggests that ceric oxids, » Torms part of the deposit. FPolymsr
was absent so far as oould be determined. ‘

Another test solution contained

Ceric amonium mitrate 1,096 g.
Methaorylic acid (Fi¥=86) 0.688 g.
Water, to 10 =,

This solution produced a voluminous white precipitate while stored
in red light for a few mimites. Cvidation of the organic compound

is probably taking plaoe.

Ceric oxide, 0s02, did not dissolve in acrylic acid, Ceric acrylate
as a consequence could not be prepared from the oxide as was ureyl
acrylate from U0,

Addition of a solution of oeric ammonium nitrate to a solutiom of
sodium so1ylate csused precipitation of ceric oxide at this pil,
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It was found possible to prepare a coating of ceric acrylate as
follows:

fecipe 20752
FVP 3-75 e
1BA 05 §g»
Acrvlioc acid (F™=72) (K White Label) 1.4 ml,
Ceric ammonium nitrate (FW=548) 0.548 g,
"!ﬂ“r. to 12.5 mlo

The solution was coated in red light on baryta paper and allowed to
dry, u.xposure of a sample through a negative for five seconds to the
usual light source, followed by washout, showed a resist image,

The coating has been stable in the dark for over six weeks.

As a continuation of the work described in Seotion D.2.a, of Final

Report, Movember 15, 1962 , February 14, 1963, we prepared the

leuco l):tgs of "thiophene green" (also called "thiophene malachite
[

green® The obJective of this research was the formation of a
colored image durinz exposure of a light-.sensitive ferric salt.

Zinc chloride (10 y.) wes fused in a porcelain evaporating dish,
cooled and powdered, It was then added to a mixture of 25 g, di-
methylsniline and 10 g, thicphene-2-aldehyde. The mixture was heated
on the steam bath with freguent stirring for four hours., UVater was
then added, liquefyiny the viscous mass, and the hot liquid was
poured into & 500 ml, round-bottom three-necked flask, Steam dis-
tillation was carried out until droplets of oil no longer came over.
The suspension in the flask was cooled and the water removed by
decantation as much as possible. The solid was now dissolved in
hot ethanol and the solution filtered hot, removing a green residue,
The alcoholic solution was kept under refrigeration overnight., IDhe
product was a gray-green solid, Seven grams were ovtained from the
first orystalliszation and an additionsl gram from the mother liquer
after it had stood another day. A nn?g,g recrystallized from hexane
melted at 94°-95° C, (11t., 92°-93° C,)\6),

U o + 20 Y¥eeay, 0oy <cn,)2n(__)5(:\,n<cu3)z

~e i
o) eno
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Samples of this leuco base were testsd in coated 1:yiﬂ as follows:

Takle 1X

Polyvinylpyrrolidone

K—3° 7e5 g 7.5 g 745 e 745 g 75 g
Bengzilic acid,

reorystallized - . 04228 g. - - 0,228 g,
03(&110 Icid - - 0.090 ‘. - -
Leuco base of thiophene

malachite green

(W'215) 0.05“' g 0.05“ g 0.05‘* [ O 0.05“ g 0.05'0' 8

Hydroohlaric acid,
1N

0,50 ml, 0,50 ml, 0,50 mi, 0.50 ml, 0,50 ml.

Ferric ammonium
sulfate dodeca~

hydrate - 0.015 g. 0,015 g. 0,030 g. 0,030 g.
Viater, to 25 ml. 25 ml, 25 m. 25 ml, 25 nl,
Color, unexposed

coating “hite Faint light Dark green Faint

green tint green green tint
Three~-minute
exposure No image Green No image

Oreen Oreen
print-out print-out visible print-out

(Recipes coated and tested in the same manner as those in Table VIII,)

b,

Discussion of Table IX Data: The resistance to air and light of
leuco thi green hydrochloride has been noted by Armsirong
and OGrant\7/, Ferric ion not complexed with an organic acid
oxidised the leuco dye to its colored form in the dark (30679).
Ferric ion in combination with excess oxalic acid (1:32 molar
ratio) effected a gradual oxidation of the leuoco dye in the dark
as the coating aged ($0678). The benzilate coatings (30677 and
#0680) required approximately the same exposure, although the
iron concentrations varied., The color of the unexposed coating
was not white as in the casé of 0674, However, there was no per-
oeptible increase in ocolor density of the unexposed coating during
a ten~day period. The fact that the leuco thiophene green in oom-
bination with ferrioc bensilate does not become oxidised to the
colored form in the absence of light is an enoouraging feature of
the system. The rate of print-ocut in light is comparatively slow,

Ehotoformation of Feraxide with leugo Crystal Viglet

These tests represent a contimuation of work desoribed in Seotion
D,2,a, of Final Report, ilovember 15, 1962 - February 14, 1963. The

4
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object was to determine whether a per compound wvas formed in appre-
clable concentration when certain leuco dyes are oxidised by light,
The formation of & per compound in proportion to light exposure
would in the presence of ferrous ion and monomer produce a polymerio
image during irradiation.

The photo-oxidation of certain leuco dyes (e.g., leuco orystal
violet hydrochloride) to the oolored dye form is known to take
place in the gsaonco of other photooatalysts (such as ferrie
salt), Oros(8) believed that peroxides wers formed in traces
when the leuco dye was photo-oxidized,

— Iable X ,

20669 _Jjofsy = Jo6go  __dqroh
?giyvinylpmoudm 3.75 @ 375 & 3.75 g 3.75 &
i C -

0s5 & 0.5 g 0.5 &
Leucc base of crystal
violet* recrystal-
1irzed from hexane 0,047 g, 0.047 g. 0,047 g. 0.047 g.
Mochlmo .cid. iN 0.38 ml, 0.38 nl, 0038 ml, 0.38 al,
Ferrous ammonium .sul-
fate (F’"”Z) - - 0.049 g. 0.025 g.
N‘t.r, to 12.5 ml, 12,5 ml, 12.5 =sl. 12‘5 ml,

*Fi=374

Solutions were coated in red light and allowed to dry. Samples of
all four recipes were exposed to the light from a 375 watt reflector
lamp at 16 inches for a period of three minutes., Blue print-out was
evident in all cases, Washout with water (4d250° C.) showed a
resist image in two samples (70690, :*0704). The other washed
samples showed dye in the exposed areas but no relief image,

The results are interpreted ss indicative of some polymer formation
during exposure of the samples contaiming ferrous ion. The nature
of the photoformed per compound is not kmowm,

Eheteformation of Ferric Acetvisceionate

The chelate ferric scetylacetonate has a red color. '/e have
sarlier proposed that acetylacetons be photoformed in a coated
layer. This could in theory be effected by the photodecomposition
of the ferric salt of 1,3 dihydroxy 1,3 dimethylglutaric acid,
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O CHy  CHy O
S T S
0-G~C —C-—C~C—CH + UFeC
L E L g
o
0 0

i "
CH3—C—-C- C-—CHy + UPeCl, + ULHOL + 200
H

Although ferrous ion is formed which does not form a colored com-
plex with acetylacetons, we believe that aerlal oxidation of
ferrous to ferric would take place within a short time after

exposure,

The desired acid--1,3 dihydroxy 1,3 dw’thyl glutaric acid--was
synthesized by the method of Zelinsky‘'’/, 2,4 Pentanedions, 20 g.,
was added dropwise with stirring to a solution of potassium ocyanide,
26 gy in 20 ml, of water., The temperature was not allowed to
exoeed 15° C. A precipitate of potassium salt formed, This salt
was redissolved by the dropwise addition of 40 ml, water, with
stirring and cooling ( 15° C.). Next concentrated hydrochloric
acid, 17 ml,, vas added with cooling ( 15° C.), thereby precipi-
tating the biscyanhydrin., [his material wvas filtered, washed with
oold water until white, and dried on a suotion funnel, Dlielting
point was 134-136° C, It was not recrystallized. The yleld is
practioally quantitative,

P .

i i
CHj- C~Gily C—CHy  + HON —3 CHy- C-CH,~C~
|

o b

The biscyanhydrin was now converted to the "lactonic acid" as
follows. Concentrated hydrochloric acid, 17 ml,, was added to
the dry bisoyanhydrin in an evaporating dish under the hood,
The solution evolved heat; it was allowed to cool and stand
overnight, Later it was :vaporated to dryness on the steam
bath, and extracted with ether. Extraction with seven 300 ml,
portions of dry ether ylelded 7.2 grams lactonic acid after
evaporation of the ether in vacuo., Melting point of the product
was 192°-193° C. It was not recrystallised,

0" ?ﬂ fﬁ (‘)O(ﬂ
Ghs é m‘z 'C—CHS + 2HC1 + 3!20 — CHS f CEs— |c—083

LN 4] fi' ————0
Biscyanhydrin 0
Lactonis acid

+ 2N, C1
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The lactonic acid, also termed the monolactone, was now distilled
at atmospheric pressure, using a Wood's metal bath for heating.

At a stillhead temperature of 2359-260° C., the dilactons ocllected
in the condenser, The product was washed with cold water on a
Buchner funnel to remove traces of a yellow oil. It had a melting
point of 103%-104° C, 1.7 g. dilactons wers cbtained,

OH COCH 0 C=0
I B | | 8 |
L“"-O | c—-0
)
5 3
Laotonic acid Dilactone

The dilactone (1.7 g.) was boiled three hours (reflux condsnser)
with potassium hydroxide solution (1.3% g. KOH 4n 50 nl. water).
It vas then cooled and neutralised with 4 ml, sulfuric acid, 6N,
sxtraction of the solution with one liter of ether in 100 ml,

pé:rl:;:nl; yr:;:tordot;ld o;ggo 5; ozg él:tg’a.mdrmm. m.ps 107°-110°,
0 -C=0 h HO COoK
“3"%'“‘2"&““‘3 + 2KCH u—-aag--c::—mé—-é—cn:,
c . Ccoox

The acid was inocluded in the following coatings:
m M

MBA 0.125 g. 0,125 g.

Ferric ammonium sulfate dodecahydrate 04361 g. 0.723 go
(0075 -) (1.5

1,3 Dihydroxy 1,3 dimethyl glutaric o

aocid (N - 192) OQm [ O o.m [

(0,375 )

Ammonium hydroxide, 1IN 0,75 ml. 0.75 nl.

Water, to 6e25 ml, 6.25 ml,

The solutions were coated on baryta paper in red light as usual,
Test samples were exposed 10 seconds to the usual light souroce,
immersed in hydrogen peroxide, 13, and washed cut, A resist
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remained in each case. Several exposed sirips were stored in
the dark room and in a 50° oven, but did not develop the desired
color within several days.

due to the tendency of the acid to laotonize at room temperature

as reported by Zelinsky, there is a consequent loss of light
sengitivity of the ferric salt. The formation of a single lsctone
ring means that the compound is no longer an alpha hydroxyacid,

The fact that our test strips gave images with 10 seconds' exposure
indicates that we had considerable free acid in the coating. In
mulding additional coatings, we plan to inocrease the concentration
of the acid, This should have the double effect of increasing ocoat-
ing speed and of producing more acetylacetone (pentanedione) after

?

colored ial prom Calor y
N.N!'-is thyleneblssarylamide Derivatives

One approach to the develomment of a dry processable photographic
system based on photopolymsrization is predicated on the formation
of color as a consequence of polymerization., 4is outlined in the
previous ‘uarterly Report (Section D-6), the preparation and
evaluation of vinyl monomers having a color forming moiety present
in the molecule was undertaken as an initisl step in this general
approach to dry nrocessing. at that time, the synthesis and
evaluation in the iron-peroxide photopolymerisation system of
several acrylamide and methacrylamide derived color former

monomers were reported, These, and related examples desoribed in
the patent literature, are all obtained by aorylation or methaoryla.
tion of amino substituted color coupler muclei of the tyve widely
employed in conventional photography. None of the monomers was of
the divinyl or coross-linking type., },N!iwthylenebisaorylanide, a
divinyl cross-linking type of monomer, has proven to be superior
to acrylamide in a number of photopolymerization systems developed
in the Ansco Laboratories in that its use generally leads to better
shelf stablility (resistance to autopolymerization) and better
insolubility of the photoresist image at lower monomer conoentra-
tions. In hope of conferring these desirable properties to oolor
former monomers, the preparation of N,N'-methylensbisacrylamide
derivatives of oolor former molecules was attempted. The following
reaction utilized in the commercisl pnpqutu? of ¥ i t-methylene-
bisacrylamide from aorylamide and formaldehyde'10) yag chceen as
the basic reaction for the synthesis, 0

R=CHO + Ci,=CH—CQMi, —Bo (cnzscn-c'=-m)z-can



‘Then R = s bentzoylacetanilide, pyrasolone or vhenolic nucleus
oexidative coupling with a p-amino-N,N-dialkylaniline color
developer leads to a yellor, magenta or cyan dye, respectively.

The synthesis of a cysn dye forming monomer in which the R of the
above equation is equal to a 2-hydroxyphenyl group was accomplished
by the following procedure:

LM%M&M@HAM- A solutdon of scryl-
amide 28.“ [ €Y% O.‘O mole and lalic.y'llldoh,”d. (2“.2 Beo 0.2 lol.)

in 60 rl. of ethylene dichloride containing 2 ml, of concentrated
hydrochloric acid vas stirred at ambient temperature under nitrogen
for 13 hours. The reaction mixture was then refluxed for one hour,
chilled in an ice bath and filtered, The crude product was then
washed successively vith water and ether to remove unreacted start-
ing material and recrystallised from methanol. Five grams (105)

of a colorless solid, m,p., 217°, were obtained,

Analysis: Calculated for CyqHijgN209t C, 63.40; d, 5.73; N, 11,37,
Found: C, 63.13, 63.25; H, 5.54, 5.72;
N. 11.“'110270
Infrared analysis was also consistent with the proposed structure.
The following formulations were coated on paper base for trial of

the new color former monomer in the iron-peroxide photopolymeriza-
tion system.

4155-177-4  4155=177-B

Gelatin, Atl. 10299, 107 30 ml, 30 ml.
Ethanol, 953 30 m., 30 ml,
Ferric ammonium citrate, brown, 363 2 ml, 2 nl,
N,N'-(o-Hydroxybensylidens)-bisaorylamide 0.50 g. -
(2 mmols)
N,N'-.ethylensbisaorylamide - 031 &g,
(2 mmole)

Slponino ’ 8; 005 .10 005 nl,

Approximats minimum exposures were deternined by trial and error
exposures using a 375 watt photoflood at 15 inches as the light
source and processing in 1 hydrogen peroxide prior to washout with
varm vater, Both 177-A and 177-B were estimated to have the same
minimum exposure of 15 secornds for formation of a photaresist,

¥When coating 17;-& was ssed 4in the £ 20QqUENCe --

(1) 3 nzog (2) wash, (3) 2 4-amino-R-sthyl-N-(-S-hydroxyethyl)-
aniline, ( J 2> ammordum persulfate-sodium carbonats -- a deep blue
photoresist image was obtained. As usual with paper base coatings

u::g:::od to oclor devalopment, oonsiderable background stain was

® .
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The polymeric indosniline oyan dye presumed to be formed in the
photoresist is of the following structure,

- - ' M|
foip~@y, ey,
'- o L .
COMH -- CH —1¥HCO

VR H
\_-.-.Nf 23
¢ 2“5

Having thus demonstrated the feasibility of this typs of color
former monomer, the synthesis of a benzoylacetanilide (yellow)
and a 5-pyrazolone (magenta) substituted methylenebisacrylamide
was undertaken., A cursory search of the color former intermedi-
ates svailable in the Ansco Laboratories and of the related litera-
ture failed to turn up any formyl substituted benzoylacetanilide
or 5-pyrasolons intermediates for condensation with acrylamide as
indicated in the general equation above, Accordingly, the syn-
thesis of 4-formylbenzoylacetanilide was undertaken., The conven-
tional synthesis of the benroylacetanilide structure entails the
condensation of ethyl benzoylacetate with an aniline derivative,

0 0
. I Y/ <
_ 0 _
g

However, the straightforward preparation of L-formylbensoyl-
acetanilide by condensation of ethyl benzoylacetate with 4-amino-
bensaldehyde is precluded by the lack of stability of 4-amino.
bensaldehyde due to its rapid intermolecular polycondensation

to a resinous Sohiff base. It, therefore, becomes necessary to
block the aldehyde function with a group that conveniently csn be
removed after the acetanilide condensation. For this parpose

the cyclic acetal (1,3 dioxolane) resulting from the reagtion

of ethyleneglycol with the aldehyde was prepared, 2-(4-Mitro-
phenyl)-1,3-dioxolane was prepared by the method of Hibbert
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and Sturrook(11) and catalytically hydrogenated to 2-(4-amino-
phenyl)-1,3-dioxolane using a platinum catalyst in ethancl, The
amine as then ocondensed with ethyl bensoylacetate in refluxing
xylene. 2-(4~Bensoylacetanilide)-1,3-dioxolane was obtained
after reorystallisation from ethanol as a yellow crystalline
solid, m,p. 124°.1259, Hydrolysis of this compound under the
conventional conditions for the hydrolysis of the 1,3-dioxolanes
to the curresponding aldehyde (reflux with hydrochloric acid in
aqueous ethanol) gave a resinous orange solid which melted over a
wids range and could not be further purified, A fuchsin aldehyde
test was negative, and infra-red analysis failed to indicate the
presence of formyl hydrogen in the molecule,

This approach was abandoned at this point and the Stephen reduo-
tion of 4-cysnobenzoylacetanilide was attempted as indicated in
the following equation:

0 0

| ] KQ
</:\>~ &-caz--c-m-\g-» oN loinll2

2. Hzo
0 0

-t Y-

4-Cyanobenzoylacetanilide was readily obtained by condensation of
b-aminocbensonitrile with ethyl benzoylacetate in refluxing xylene,
The ct&on was carried out according to the procedure of
Stephen'12)and appeared to o smoothly to the formation of the
imine stannic chloride complex, ilydrolysis of the complex salt
with boiling water in a nitrogen atmosphere gave an orange solid

" whioch rapidly hardened to an intractable resin on keeping over-
night in a vacuum desicoator,

FMnally, an attempt was made to block the formyl group as the
orddme which, as in the case of the cyclic acetal, should be
capable of hydrolysis to the free aldshyde after the acetanilide
condensation, Mit}-fggnuldonm was prepared by the method of
Gabrisl and Herrberg and reduced to p-aminobensaldoxime with
ammonium polysulfide, The amine was then ocondensed with ethyl
bonzoyhsotato in refluxing xylens yielding a light yellow solid,
m.p, 170Y-172°, presumed to be 4-oximincbensoylacetanilide,

)mz 0‘2"“200202‘*5
7 A xylens
“\) * l&/" O

&1 el

0 0
@-g -caz-g~ N -{} CH e NOE
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A4 negative diasotization test and the formation of a yellow dye on
color development with dwamino-¥-ethyl-N-(S-hydroxyethyl) aniline
oorroborate the proposed structure olysis of this product by
the sulfurous acld method of Gluud{il yielded a gummy reaction
product from which a pale yellow solid vas isolated by extraction
wvith hot ethanol, After two reorystallisations from aquecus ethanol
a colorless solid melting at 125°-126° was ob*-ined that gave s
positive fuchsin aldehyde test.

Analvais: Caloulated for CsgHiqll04r C, 71,81 H, 5.24
Found: (‘&192-35}6 13h 3 c. 71.82. 71.90; H. 5.15. 5.03

Inasmuch as this produet (4192.35) appeared to be an aldehyde and
its elemental analysis is in agreement with that of 4-formylbensoyl-
acetanilide, the acid catalysed condensation with sorylamide was
attempted as follows: A solution of 4~formylbensoylacetanilide
(4192-35) (0.1 gy 0.37 wmol) and acrylamide (0.1 g., 1.4 mmols) in
3 nl, of ethylens dichlearide oontaining one drop of oonocentrated
hydrochlorie acid was allowed to stand overnight and then refluxed
for one hour, The pale yellow reaction product that separated on
cooling was extracted with water and ether and dried in vaocuo;

mop. 235%-241°, Trial ocolor coupling tests with Nathyl-ﬂ-g -
hydraoxyethyl)-aniline in the presence of potassium persulfa

failed to give a yellow dye. This failure to color develop and the
extreme insclubility of the o (dinethylformmnide was the
only satisfactory solvent found) make it appear unlikely that the
produst obtained is the desired N,N!.(4-bensoylacetamidobensylidens)
bisacrylamide, T.ls conclusion is dependent upon the cutoome of the
elemerital and infrared analyses currently on request.

Celored Polvmers fron iop-Diffusing Color Counlers

Color coupler molecules substituted with alkali solubilising groups
and with a long chain hydrocarbon residue to render them non-diffusing
have been found to be effectiwely trapped by the polymer metrix of a
photoresist formed by the iron-peraride catalysed polymerization of

N, Ni.methylenebissorylamide. This eliminates the necessity of

using & polymerisable oolor coupler to render the photoresist ocolor
developatle after washout, In addition, coating formulation is
simplified in that such color couplers are readily soluble as their

alkali metal salts and also by making it possible to use the readily
available J,Nt.methylenebisacrylamide as the monomer,

Initial trial coatings containing the non-diffusing color oouplers

of the benzoylacetanilide (yellow), pyrasolons (magenta), and phenclic
(cyan) classes suffered from a lack of adhesion when coated on subbed
Flestar. This condition was corrected by coeting the oolor coupler
oontaining formulation over a thin photopolymerisable subbing layer
prepared according to the following formulation:
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Gelatin, Atl. 10299, 153 25 m,

0 65 wml,
oN'alisthylenebisacrylamide Ol go
Ferric Amenium Citrate, 365, Srown 10 =i,

Coatings have been prepared containing a mixture of ysllow, ovan,
and magenta color couplers that yield a black resist on ocolor
development. The oarrect ratio of the three color couplers needed
to produce a neutral grey was determined by trial and error, The
following formulation gave a black image on color dewelopment which
had a maximum density of 1.3 when ococated on Flestar base subded
with the photopolymerisable undercoat desaribed above,

41552162

Gelatin, Atl. 10299, 159 25 ml,
N, Nt lethylensbisaorylanide 0.4 g.
Ferric Amwonium Citrate, 364, Brown 10 ml,
izom.no. 85 2 nal,

17, magenta o.f. 0.2 g.
A-607, oyan c.f. 0¢2 g
A-623. yellow o.f, 0.3 8.

The color formers were solubilised with 6N NaCH and the final pH
adjusted to 6,5 with oitric acid prior to coating,

Colar development was found to be best acoomplished by bathing the
freshly washed ooating in a 2-5% aqueous solution of U-amino-N-
ethyl-N-(3-hydraxyethyl)aniline followed by lmmersion in a 2%
solution of ammonium persulfate containing 2 g. of sodium carbonate
per 100 ml,

A further simplification of this system was achieved by the direct
Ainocorporation of color developer in the photopolymerisable coating,
thus eliminating one of the processing solutions., No loss in speed
was noted as a result of the p-phenylenediamine derivative in the
ooating. A ssoond processing solution can be eliminated by combin-
ing the peroxide and persulfate bsths; however, the stability of the
mixed bath 1s limited to approximately 15 mimutes due to exhaustion
of the hydrogen peroxide by interaction with persulfats,

Coatings containing the mropsr balance of yellow, cyan, and magenta
oouplers yield black resist images of good optioal density by this
procedure, Thus the following ooeting formulation gave, after
prooessing in hydrogen peroxide and alkaline potassiuva persulfate,
a black resist which had s maximm density of 5,
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4155-179

Gelatin, Atl. 10299, 154 25 ml,
Ho0 65 m,
}EA , Ot g&
Ferric Armordum Citrate, 36, Browm 10 m,
A-607, oyan c.f, 1 g
A617, magenta c.f, - 1 g
A-620, yellow o.f. 1 g
beAmino-N-Ithyl.N-(# -hydroxyethyl)

aniline«§H,80;, 3 &

Sufficient 6N NaCH added to solubilize the color
formers, Final pH at coating, 7.0,

The shelf life of such coatings has been found to be limdted, a
serious loss in color density ocourring within three-five days.
Some of the original density oan be restored by additional color
develomment suggesting that depletion of the color developer takes
place on storage. The grest sensitivity of developers of the p-
phenylenediamine class to oxidative degradation is well lmown, and
the indicated depletion in developer activity can be loglcally
attributed to exidation, British Patent No, 783,887 assigned to -
the Gevaert Photo-Producten N,V. desoribes a class of color
developers based on the p-dialkylaminophenylglycine structure

vhich have improved resistance to axidation and are olaimea to be
partiocularly suitable for incarporation in conventional photograpiioc
coatings. Accordingly, it was of interest to test this type of
color developer in the photopolymerisable system in hope of inoréas-
ing the shelf stability.

For this purpose, 4-diethylamino-( « -carbaxy-n-heptadecyl) aniline
dihydrochloride was prepared via the following sequence described
in the above mentioned patent. This particular homolog was selected
in hope that the non-diffusability oconferred on the molecule by the
heptadecyl chain would minimisze the loss of developer due to leach
out 4n the hydrogen peroxide processing bath,

2
! JEcu(0,)y 5%y
@; + CHy(CHz)qg—CH —00,C.H, ~agl0y, |\\ |
W(C,lg)y ¥ (Czil5)2
2 H(CH2)15CH3
Sl 1T

Wz,



nmx-brm\ot 1stesrate used was prepared by the method
and Sadomeky'19), The product was obtained as a light tan,
solid, m.p, 140°-150°, Reaction with the color formers used
the occating in the pressnce of alkaline persulfate gave the ¢
ponding dyes very slowly., Lven in solution maximm dye densi
not obtained for up to one hour, Obviously the extremsly
slow raie of ooupling displayed bty this developer makes it umattreae
tive for use in the photopolymerisation system, In order to deter-
mine if the slow rate of color develomment cbserved is more a oonee~
quence of the sizse of the leaving group (the carboxyheptadeoyl group
is split off in the process of color coupling) than of the inherent
activation energy of the cleavage process, the smeller 4-dlethyl-
amino-N!«carboxymethylaniline was synthesised. Solution experiments
show this developer to color coupls at a somewhat faster rate than
the heptadecyl derivative but at a oonsiderably slower rate than the
4eamino-N-ethyl-N-( 4 -hydroxyethyl)-aniline used initislly. OCoating
trials were made by substituting 4-diethylamino-N!-carboxymethyl-
aniline for 4-amino-N-ethyl-N-(G-hydroxyethyl)-aniline in costing
formulation 4155-179 given above, After exposure and color develop-
ment, the photoresist acquired a light green coclar on prolonged
immersion in an alkalins persulfate sclution, It wes concluded
that the reate of oxidation and therefors of color ooupling of this
type of color developer is too slow to make it practiocal in this
system, Undoubtedly it is this same resistance to oxidation that
gives this type of developer its outstanding stablility.

s

i

<

Ehotopol. xization Based on Autoxidation

As previously outlined in the Final Report for 15 November 1962 -

‘2% February 1963 under the sane heading, photosensitized autoxidation
can, in theory, lsad to a peroxide latent image which can subse-
quently be activated by either light, heat, or a reducing agent to
yield radicels capable of initiating polymerisation. The schene

is the reverse of the iron.peroxide system with the important differ-
ence that, while the guantum yield for the photoreduction of Fe(IIT)
to Fe(II) cannot exceed one, the chain resction nature of photo-
sensitized autoxidation makes large quantum yields possidble, lost
probably, the key to developing a practical photopolymerisation
system based on photost. vitised autoxidation lies in finding a
suitable sudbstrate, In this regard it was of interest vhen, in

the course of the synthesis of 4-farmylbensoylacetanilide, the 1,3-
dioxolanes prepared as intermediates appeared to exhibit sensitivity
to oxygen and light in much the seme manner as the aromatic hydrasones
previously found to be useful autoxidation substrates. A check of
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the 1iterature revealed the work of Rieche et a1(15), in which the
ultraviclet sensitized autoxidation of 2-phenyl-1,3-dicxclans to
yield a hydroperoiide is reported. 4s is well known, bensylic
hydrogen and hydrogen alpha to ether oxygen are particularly
suseeptible to autoxidation, It is therefore not surprising that
the bensylic hydrogen in the i,3-dioxclane 4is exceedingly resctive
in this respect since it is located in a bensyl position and is also
alpha to two ether-like axygen atoms,

— 0 —— L e 0 OOH
L =) %= | L f.(f‘\)
o

A sample of 2.phenyl-i,3-dioxolane was prepared as follows:

- . A solution of freshly distilled bensal-
dehyde (21,2 5., 0.2 mole) and ethylene glycol (12,4 g,, 0.2 mole)
in 50 ml, of dry xylene containing 4 drops of concentrated sulfuric
aclid was distilled slowly until the distillate temperature came to
160°, [he distilland was then washed vith dilute NaHCO3, water and
dried over Drierite, Fractionation in vacuwo rave 37 g. 275.%) °§0
2-phenyl-1,3-dioxolane as a oolorless oil, b.p. 70° (1 mm,), Np
1,5270,

“Then a solution containing several drops of 2-phenyl-1,3-dioxolane

in 2 ml, of benzene as saturated with oxygen and irradiated for two
minutes with ultraviolet light, sufficient hydroperoxide was generated
to initiate immediate polymerization when a few drops of the autoxi-
dised solution waes added to a few ml. of A-5 solution oontaining a
trace of ferrous ion,

The following trial coatings were prepared:

Autoxidation Coatings _
4155184 492-49 4155-184D
PVP masterbatoh* 50 ml, 50 ml, 50 md,
2-Fhenyl-1,3~Dioxolane im 1ml. -
1{3 Rose Bangal - im, imd,

*60 go FVP, 210 ml, ethencl, 90 ml, water, 8 g. N,N'-methylene-
bisacrylamide, 6 ml, dimethylphthalete, 2 ml, 10} Wetsit.

The formmlations were ocoated on baryta paper. Coating 4192-49
gave a photoresist after 30-second exposure to the usual light
source and immersion in 15 aqueous ferrous ammonium sulfate,
Zxposed areas not treated with the ferrous soclution failed to
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retain a resist at this exposure level, Coating 4155-184C oontain-
ing no ross bangal failed to produce a resist after s two-sdmute
exposure, Coating 4155-184D containing only rose bengal gave a
very faint resist after s two-minute exposure, Post-exposure
processing of this coating sppearsd to enhance the resist quality
alight]y.

Further experimentation directed at determining the effect of
concentration and struoture of the i,3.dioxolane on this system
as well ss other photosensitisers is ocurrently in progress.

Sder's Resction ss o Photoiniilator Svaten

The photoinitisted reaction of urcmg chloride with potassium
oxolate vas first described by ider and has the following
stolchiometry:

K,Co0p + 2HgCl, —R¥.y [HgeCly + 2KCL + 200

The tol% characteristics of the reaction have been demon-
strated\17): (1) Resction proceeds via a chain mechanism and with
a larger than unit quantum yleld, (2) No r@&ction ocours in the
dark in the absence of photo- or chemical imitiation. (3) The
reaction exhibits a strong sensitivity to inhibition and catalysis.-
certain dyes such as eosin act as photosensitiszers and oxygen acts
as a strong inhiditor,

Consideration of the sabove reaction characteristics suggests a free
radical mechanism and therefore the system was tested for photo-
initiator properties. It was found that, when merouric clloride
and potassium oxalate are added to A-5 solution and exposed to
ultraviolet radiation, no polymsrization resulted, However, when
the solution was purged with nitrogen before exposure, polymerisa-
tion was inlitiated on short exposure. Coating trials were formu-
lated as follows and coated on beryta peper.

$192-29
—a O » S L.
Gelatin, Atl, 10299, 156 25 ml. 25 ml, 25 ml,
. HglClzy 042K 10 m1, 1m, 20 ml,
g EH

ka 15 ml. 24 m, 5w,
) & imnm., 1m, iml,
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None of the above costings gave any indication of photoresist
formation after exposure to a U,V. source (one 15 watt germicidal
lamp at & distance of tiwree inches) for five minutes,

The sensitivity of ider's reaction to the blue region of the spec-
trum, where neither merouric chl nor potassium oxalate absord,
has been attributed by Cartledge'l?) to the nresence of impurities..
notably iron. 'hen ferric ammonium oxalate was added to a solution
of mercuric chloride and potassium oxalate in A-5, polymerisation
could be photoinitiated even without prior removal of oxygen from
the solution. Coatings (4155-181) were prepared similar to the
4192-29 formulation with the addition of 1 ml. of 37 ferric ammonium
oxalate. Prolonged exposures of these coatings produced no photo-
resist unless the exposed coatings were bathed in dilute hydrogen
peroxide prior to washout,

As suggested in the Final Report for 15 November 1962 - 14 February
1963 under the heading of Suggested Further Jork (Section F-8-(f)),
a procram has been initiated to quantitatively evaluate the iron-
peroxide photopolymerization system for the purpose of estimating
how much additional speed can be realized from the system by further
optimization. The initizl work has had as an objective the deter-
mination of the percent conversion of monomer to polymer necessary
in the N,NMt.methylenebisacrylamide-gelatin system to achieve
insclubilization after photoinitiation by the iron-percxide system,
This data is expected to yield insizht into the efficiency of N Nt
methylenebisacrylamide (IBA) in the process and thus into the
margin of improvement that could de ac;:mod by the use of a more
ideal monomer, . .

The analytical estimation of the decrease in monomer concentration
taat accompanies photonolymerization in a thin coated layer presents
several problems. The conventional technigque of monomer determina.
tion tased on iodometric measurement of the amount of bromine con-
sumed by addition to the unsaturstion of the monomer is impractioal
due to the nonstolciilometric consumption of bromine by the gelatin
binder. Trial and error experimentation with cocating formulations
containing gelatin, MBA and ferric ammonium citrate indicated that,
when such formulations are coated on a nonabsorbing bese such as
Plestar, the minimum gel/MBA ratio necessary to prevent orystalli-
sation of the :BA in the dried layer is about 813, Somewhat lower
ratlos can be coated on an 2bsorbent substrate such as paper without
erystallization, presumably due to imbibition of monowmer by the base,
Comparison of the infrared spectra of gelatin, MBA and poly-MBA
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(prepared by Fe(IX)-H0» initiated polymerizstion of a 4% aqueous
solution of i.BA) revealed that iBi has several well defined absorp-
tion bands in the 10-13u region, an area which is transparent in
the poly-iBA and gelatin spectra. It is tharefore theoretically
feasible to determine the monomer content of a gelatin foil by
quantitative infrared spectroscopy. Accordingly, & séries of
gelatin foils were prepared containing varied amounts of iBA and
their infrared spectra recorded for the purpose of cbtaining a
ocalibration plot of optical density versus lBA concentration,
However, it vas found that, even at the maximum gel/hBA ratio, at
least five foil thiclknesses (~—35u) were required to give a
measurable : 5A absorption before polymerization. Furthermore,

when the infrared spectrum of several foil layers was recorded,
absorption due to interference rhenomena associsted with the
surface of tlie folls becomes so intense that quantitative results
based on absarption in the region of interest becoms unintelligible,

. At this point, the spectrophotometric method was abandoned in favor
of gravimetric estimation of the poly-!BA formed in the photopolymsri-
zation, This value combined with a knowledge of the amount of iBA
present before polymerization readily gives the percent conversicn
of monomer to polvmer. The following determination based on the
insclubility of the highly crosslinked poly-HBA was developed:

Small "puddle® coatings were prepared by placing a weighed amount

of coating formulation on unsubbed FPlestar base w:ich had been
pretrested with a 13 solution of saponine. Conditioning of the base
with a wetting agent was necessary to facilitate the flow of the
coating solution into round, reasocnably uniform occatings. A mmber
of such puddle” coatings vere prepared from a coating solution oon.
taining 9.7 mg. iBA/g. ocating solution. When using 1.5-2.0 g. of
ooating solution, coatings measuring 6-8 om. in diamster and 30-4On
thick obtained, . fter exposure and processing in 15 hydrogen
peroxide, the polymerized layer could be easily and quantitatively
stripped from the base and transferred to a beaker as a consequence
of the lack of adhesion of the polymerized coating to the unsubbed
Fleatar base. Thus it was possible to prepare a small coating oon-
taining a preoisely known weight of MBA and to quantitatively strip
At from the base after exposure and processing. The stripped coating
was then enzymatiocally degraded with Takamine and the insocluble polyw
IBA collected on a sintered glass Gooch orucible, dried in vacuo,

and veighed, Citric aoid was added during the digestion period to
insure solubilisation of eny tamned gelatin formed by free ferric

ion resulting from oxidation of photoformed ferrous ion by hydrogen
peroxide, The following table summarises the results obtained via
this prooedure,
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Iabls YII
Ehotoconversion. of 184 to Poly-MRA*
Coating VWeisht, g,  sxposure, £60,** poly-}BA. mg. £ Conversion

1. 1.5909 15 14.9 96,4
2, 1.3954 30 13.7 101.0
3 2.0792 60 16.8 83.2
b, 1.6013 120 11,0 0.5

*The original coating sclution contained 9,72 mg. 1BA/g.
svixposures were made using a 375 watt photoflood at a distance
of 15 inches,

Diacuseion of Table VII. The lack of correlation between exposure
level and percent conversion shown by these data shed doudbt on the
reliability of the analytical method and underscore the need for
duplicate expariments., Further than this, the impossible conver-
sion measured for coating 2 prompted a closer look at the poly-lBA
isolated via this technique., The infrared spectrum of the polymer
obtained from the coated layer is practically superimposable on
that of pure poly-MBi with the exception of two very weak bands at
7.55 and 12.75p. Neither of these bands is present in the spectrum
of the gelatin used in the experiment; however, a sensitive color
test for protein, based on the formation of violet colored Schiff
bases by roacts.o’ of p-dimethylaminobenzaldehyde with aoid hydro-
lyzed protein‘18’, was positive for gelatin and polymer isclated
from the photopolymerized layer but negative for pure poly-MBA,
Prolonged digestion (48 hours) with Takamine and citric acid
followed by thorough washing with water and aloohol failed to
prevent the photopolymerised paly-MBA from giving a positive gelatin
test, This result, while interesting in that it implies some chain
transfer to gelatin in the polymerisation process, introduces an
additional variable into this method developed as a means of
estimating the percent conversion of monomer to polymer,

The following FVP based formulation was similarly coated on unsubbed
Plestar base and processed as in the gelatin based coatings.

4192-%
Polyvinylpyrrolidone, K-30 10 ge
Water 50 ml,
N,Nt.Methylenebisaorylamide 1.50 g.
Ferric ammonium oxalate, 363 5 m,

Saponine, 85 1 =,
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After exposure and processing with 15 hydrogen percxide, the
insoluble polymer was isolated and dried in vacuo, A sample was
subuitted for nitrogen analysis: Found: N, 11,96, 11,81; cal-
culated for poly-'BA (c-,nmozuz). N, 18,17; for PVP (CgHgNO),

N, 12,71, This experimental result obvicusly cannot be recon-
cilod in terms of a graft copolymer of PVP and IBA, It may mean
some hydration of the polymer; however, the low nitrogen analysis
and the infrared spectrum almost certainly indicate a significant
degree of chain tranafer to binder, VWhile this conclusion makes
the determination meaningless for the estimation of percent con..
version of monomer to polymer, it does provide a technique for the
estimation of the tendency of various binders to enter into the
photopolymerisation process,
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Continuation of syntheses of organic acids wiose ferric salts are likely
to yleld a ocolored imaze during photopolymer formation. Specifically,
these aoids include 3,5,3',5' dihydroxybensilic acid and 1,3 dihydroxy
1,3 dimetiylglutaric acid,

Study of reactions designed to multiply the number of radicals arising
from the photodecomposition of ferric bensilate or related ferrio
salts, It is possible that this amplification may be achiewed by means
of suitable additives to the coating formulation or an extra processing
step., For example, the immersion of an exposed ferric bensilate layer
in hydrogen peroxide affords a supply of hydroxyl radicals in addition
to the photoproduced diphenylmethoxyl radicals,

dxperiments designed to elucidate the nature of the radicals arising
from the photodecomposition of uranyl salts such a» uranyl acrylate,

A clarification of this mechanism oould suggest means of accelerating
photopolymerization with uranyl salts, such os has been attempted wiih
nethylene blue-mandelic acid,

The search for photopolymerisation systems with increased light sensi.
tivity vill be continued, Specifically, the approach based on auto-
oxidation will be exparnded and the system utilizing the 1,3 dioxolanes
as the autoxidisable substrate will be irvkstigated in detail. Varia-
tions of the binder, photosensitiser and dioxolane structure will be
examined, A study of the effeoct of both autcxidation acoelsrators and
antioxidants on the system is contemplated,
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